To test whether problem-solving ability is either quantitively or qualitatively superior following an interval of sleep including dreaming than it is following an equal interval of waking time, student subjects were tested on matched problems before and after these two conditions on three problem types: crossword puzzles, Remote Associates Tests, and Thematic Apperception Test story completions. These were predicted to show the effects of dreaming in increasing order. Only the story endings changed more following sleep than following an awake period. The direction of the change following waking was toward more successful and after sleep toward more unsuccessful solutions from the point of view of meeting the heroes' needs. Several interpretations of these findings are considered.
The discovery that dreaming is a regular and plentiful phenomenon has led psychologists to reopen the question of the possible functions of this experience. Are these periods of imagistic fantasy random phenomena or do they comprise a type of purposeful thinking conducted in a language which, if accurately decoded, could be understood and perhaps useful? There is, as yet, very little experimental work addressed to the question of whether the act of dreaming itself serves some regulatory psychological function. Recent theoretical statements about dreaming have suggested an information processing model of the mind (Breger, 1969; Dewan, 1970) in which dreams may function as sort of a nightly housecleaning period during which the useless information accumulated during the previous day is cleared out to make room for new input while that worth saving is transferred from short-term to long-term storage (Fishbein, 1969) . Other views hold that dream function is more discrete, being involved primarily in the solution of current emotional problems (French & Fromm, 1964; Hall, 1959; Jones, 1962) . Even more specific is the Freudian view that dreaming is involved in the gratification of unconscious wishes through symbolic compromise (Freud, 1900 (Freud, /1970 . In a recent book, Klinger (1971) 1 This work was financed by Grant USPHS MH 18040 from the National Institute of Mental Health.
The author wishes to thank those who assisted in the data collection and analysis: Roberta There is some experimental work supportive of dreaming having an adaptive function. Grieser, Greenberg, and Harrison (1972) found that subjects who were allowed to dream had better waking recall of threatening material than did those who were deprived of the opportunity to dream by the elimination of the sleep stage most closely associated with dream content, rapid eye movement (REM), sleep. Greenberg, Pillard, and Pearlman (1972) reported that subjects who had a period of sleep containing REM after seeing a stress-producing film showed less stress reaction on a second exposure to the film than subjects who experienced an interval of REMderived sleep. One interpretation of these two studies might be that dreaming helps to "defuse" anxiety-provoking material so that it can be experienced in the waking state with less disruptive affect. This might be expected to lead to more rational and perhaps efficient handling of previously upsetting experiences.
The present study is also one that investigates the proposed problem-solving function of dreaming. The major hypothesis is that a period of time containing dreaming sleep is followed by solutions to problems different from those that follow an equal period of waking time. It seems likely that if this hypothesis is feasible at all, it may well be more true of some types of prob-lems than of others. In fact, Chernik (1972) has reported no difference between a REM-deprivation and a NREM (non-rapid-eye-movement) -interruption condition for either a paired-associate or serial-learning task using trigrams. It might be argued that this type of problem is less appropriate to test the hypothesis than those requiring a more creative solution or in which affective components are involved. In this study, three sets of problems were selected to represent a range in the degree to which their solution might be facilitated by the type of thought processes characteristic of dreaming, that is, the more affective, nonlogical, and imagistic thinking. The more specific statement of the purpose of this study is first to inquire if solutions reached to uncompleted problems following intervals of time including some dreaming sleep are significantly different from those following intervals of waking time, and second, if the first is true, if this effect is greater when more unusual or emotional components are involved in the problem.
METHOD
The three problem types involved were (a) crossword puzzles, (6) the Remote Associates Test (RAT) (Mednick & Mednick, 1967) , and (c) Thematic Apperception Test (TAT) pictures. It was assumed that the scores on crossword puzzles would show the least effect of an interpolated dream period, since their solution requires a single right answer and little affective involvement. Solutions to the RAT, on the other hand, depend on the subject being able to free himself from the more common, logic-related categories in order to recombine the stimulus words into unusual meaning groups. For this reason it was predicted that an interval of dreaming would show more effect on this score than an equal period of waking time.
The TAT pictures were chosen to represent affective problems common to an urban college student population. Stories were written to pose a conflict situation, which subjects were asked to resolve by writing an ending to the story. This task was predicted to show the greatest effect from a dream interval.
Several examples of each problem type were first pilot tested to find two of each kind of equal difficulty in terms of an equal number of correct solutions being given in a 10-minute trial period. The two crossword problems each had 69 horizontal and 62 vertical clues; two lists of RAT items were made up of 10-word groups taken from the College Form 1 of the original test; and Cards 1 and 6BM of the TAT were selected.
For Card 1 the instructions were
Write as dramatic a story as you can to this picture. This little boy's name is Billy. It is practice time. He wants to be able to do so much more than he can now. That's his problem. Write how he feels and how it works out. You have ten minutes.
For Card 6BM the instructions were Write as dramatic a story as you can to this picture. This is Walter and his mother. They are at home. They have been arguing because he wants to live on his own. That's the problem. Write how they feel and how they work this out. You have ten minutes.
Subjects
The subjects were 24 college student volunteers, 10 females and 14 males. The mean IQ based on the Verbal scale of the Wechsler Adult Intelligence Scale was 126 with a standard deviation of 10.28. The Minnesota Multiphasic Personality Inventory (MMPI) was given, and subjects with extreme scores were removed from the sample. Throughout this study the effect of dreaming was tested by using a condition of maximum REM time. There is, of course, some unknown amount of dreaming mentation that takes place outside of REM, during sleep onset (Vogel, Foulkes, & Trosman, 1966) and in NREM periods (Kales & Jacobson, 1967) . How much of this takes place and when this takes place are much more variable between subjects than is the dreaming coincident with REM time (Shapiro, 1967) . Dream function might well differ between those for whom this style of mentation occurs primarily in REM sleep and those for whom it is more diffusely distributed in NREM sleep as well. Since the work of Foulkes suggests that NREM dreamers may be lower on the Ego Strength and higher on the Schizophrenia scales of the MMPI than REM-bound dreamers (Foulkes, 1967) , care was taken to avoid including these subjects.
Procedure
All subjects slept in the sleep laboratory for four consecutive nights. Night 1 was used for adapting subjects to the laboratory and Nights 2, 3, and 4 were experimental nights each assigned to one type of problem to be solved under two different conditions, waking and sleep with dreaming. The order of the problem type was randomized by blocks. Of the 24 subjects, 8 had the crossword puzzles on their first experimental night, 8 had the RATS and 8 started with the TAT task. To control for practice effects the order of the sleep and the waking conditions was counterbalanced so that 12 subjects had the waking condition first followed by the sleep con-dition and the other 12 had the waking condition last after their sleep condition. Each condition consisted of a 3.5-hour interval. Subjects were given two trials on each problem, one before and one after each condition. Each trial consisted of a 10-minute period of work on a problem. After 10 minutes on Trial 1, the problem was removed and the subject was told that he would have another opportunity to work on the same problem later. Ten minutes was selected on the basis of the pretesting as a period during which about a third of the puzzle and the RAT items could be correctly answered. Actually no subjects completed either of the puzzles or RATs during their first or second trial. Ten minutes was sufficient time to complete the TAT stories on Trial 1. For this problem type new solutions rather than additions to the original ones were wanted on each occasion in order to test whether there were qualitative differences in the solutions rather than a quantitative increase in number of items solved.
All sleep nights were kept to a seven-hour total bed time. This was divided into two periods of three and a half hours each. During the first half of the night, when dreaming sleep is typically at a minimum, each REM attempt was aborted by an experimental awakening. This manipulation was employed to insure that the sleep of the second half of the night would have a high proportion of REM to NREM sleep. This half-night REM-deprivation technique has been found to be effective for forcing more REM time into the second half of the night (Cartwright & Monroe, 1968) . This design was chosen in preference to one comparing the effects of a REM-interrupted to a NREM-interrupted interval because of the findings of Muzio, Roffwarg, Anders, & Muzio (1972) . These authors reported that any interruption of sleep regardless of the stage disrupts the retention of newly learned material. Therefore the best test of the hypothesis that REM dreaming has some specific function would require that the sleep-with-REM period be intact. It is unfortunate that this looses the control for possible time-of-night effects.
Subjects assigned to the first order had the waking condition first. On puzzle and RAT nights they were given their first 10-minute trial on the problem early in the evening and allowed to leave. They returned to the lab three and a half hours later. Then they were given a copy of their first solution, the original of which had already been scored, and asked to continue to try to solve more of the items for the next 10 minutes. On TAT nights they were given a copy of the original test story and asked to complete another solution to it. Following this second trial on the first problem they were prepared for sleeping while being monitored by an electroencephalogram (EEG) and an electrooculogram (EOG) throughout the night. After their first three and a half hours of REM-deprived sleep, they were awakened and given their first trial on a second problem of the same type. Following this they were allowed three and a half hours of uninterrupted sleep and awakened in the morning for their second trial on Problem 2. Subjects in the second-order condition followed the sleep condition procedure outlined above. After their morning Trial 2 on Problem 1, they were given Trial 1 on their second problem. These subjects left and returned to the lab three and a half hours later for the second trial. Subjects stayed in the same order subgroup for all three of their experimental nights.
The crossword puzzles and RATs were scored for the total number of right solutions achieved on each trial. For the TATs a scoring of each story conclusion was developed to rate the success of the ending from the point of view of the hero or identification figure. Each story completion was typed on a separate card and given a code number so that the rater would be blind as to which were first and which second trial solutions and whether they came from the waking or the sleep condition. The rater had not participated in the data collection and did not know the hypothesis of the study. The interjudge reliability was established by percentage of agreement between the author and the judge on TAT stories other than those involved in this study. The mean agreement on a sample of 30 was 85.6%. The story ratings were made on a 4-point scale: 1 = success; 2 = mixed success and failure; 3 = no solution to the problem; and 4 = failure. All stories were completed. The rating of 3 was used for stories in which the problem was not resolved because things continued as they were.
RESULTS
The EEG records for the experimental nights were scored to determine how much REM time occurred in the sleep condition. The mean REM percentage for the 24 subjects was 38.16%, with a standard deviation of 8.4% for the last half of the night. Aside from the above average REM percentage, the records were essentially normal.
To test whether there was an increase in problem solving ability following sleep with dreaming in comparison to that following a waking interval the Wilcoxon signed-ranks test (Wilcoxon & Wilcox, 1964 ) was used. Neither for the puzzles nor for the RATs was the difference in change scores between the first and second trials for the two conditions significant (see Table 1 ). For the TAT story completions (w = 22 pairs), the difference in change scores was significant (7=54.5, p -.01), showing the sleep condition to be followed by more change than the waking condition. This increased change, however, was not in the predicted direction, that is, bringing about more satisfactory solutions to the problems posed. Ten of the subjects had more successful endings in Trial 2 than Trial 1 after the waking interval, while only 5 of the subjects changed in this direction after sleeping. Using the McNemar test for correlated proportions (Siegel, 1956 ) to test only those subjects whose Trial 2 response was different from one condition to the other the x** of 5.8 was significant at the .02 level, showing those subjects who differed in their second response more often followed the awake period with a conclusion that was successful from the point of view of gratifying the hero's wishes and followed the sleep period with a story that ended in failure to work things out the way he would like. Thus the prediction that dreaming has the greatest effect on the affective materials was confirmed but the type of effect was not.
DISCUSSION
There is no evidence from this study that a period of sleep during which dreaming occurs is regularly followed by a better performance on intellectual tasks, even those requiring some originality in the solution, than is a period of waking activity. There is some evidence, however, that problems of an emotional nature undergo more change in solution following a sleep interval than they do over a waking period. Such problems are solved differently following the two different interval conditions. This finding must be interpreted cautiously, since it was not in the predicted direction. The solutions to the affective problems reached after the sleep period were more likely to be biased toward failure either to reach a solution at all or failure of the solution to work things out to the satisfaction of the main character in the story. Perhaps one function of the interval containing dreaming is adaptive, leading to a better ability to tolerate and cope with negative possibilities in waking thought. Other, perhaps more parsimonius, interpretations of these findings are possible, however. This postsleep effect may be related to the unpleasantness of 'the REM-deprivation condition, which preceeded it in the night. This might well result in the subject awakening in a more negative mood. Another possibility is that this finding is related to the length of the interpolated interval. Ordinarily three to five dream periods are involved in a full night of regular sleep. These may all be necessary to allow subjects to "work through" the uncompleted problems if the morning solution is to be a better one. The limited intense access to dreaming sleep allowed here may have interrupted that process. Perhaps any sleep or rest period, not necessarily one containing dreaming, might work equally well to enable subjects to cope with negative possibilities more fully. Finally, perhaps the content of dreaming is involved in problem solving, but the instances when this leads to real insight experience are relatively rare, and the more regular function of dreaming is to provide additional associations to elements and possibilities previously unattended making them more available for later conscious consideration. This study appears to offer some support for this last speculation and for the finding of Grieser et al. (1972) that dreaming is followed by the recall of more upsetting material than waking.
